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1 . 0  In t rodi rc t ion  ~ _ _  

(:oals co i i ta in  i n o r g a n i c  s u l f u r  compounds, l i k e  i r o n  p y r i t e  and gypsum and 
orgairic s u l f u r ,  which is Iiound t o  t h e  o r g a n i c  m a t r i x .  D e t a i l c d  rev iews  o f  s u l -  
Cui- f u n c t i o n a l  groups  i n  con1 wcre r e c e n t l y  publ iShed  by  At ta r  (1977)(1) and At ta r  
and Corcoran (1977) ( 2 ) .  
r c a c t i o n s  o f  t h e  s u l f u r  were d c s c r i b e d  by Attar (1978) and t h e r e f o r e  w i l l  no t  
hc revicwcd h c r e  i n  d e t a i l .  

Thc chemis t ry ,  t h e  k i n e t i c s  and t h e  thermodynamics of  

T h i s  work had two o b j e c t i v e s :  

I .  t o  i d e n t i f y  and  q u a n t i f y  t h e  o r g a n i c  s u l f u r  group f u n c t i o n a l i t i c s  

2 .  t o  examinc t h e  imp1 i c a t i o n s  of t h e s e  f u n c t i o n a l i t i e s  on p o t c n t i a l  
i ; r  d i . f f e r c n t  c o a l s ,  and 

d e s u l f u r i z a t i o n  p r o c e s s e s .  

'Ihc main r e s u l t s .  a r e :  

1 .  The m a j o r i t y  of  t h e  o r g a n i c  s u l f u r  i n  h i g h  ranked c o a l s ,  i . e . ,  LVB is 
t h i o p h c n i c  whi le  i n   OW ranked c o a l s ,  i . e .  l i g n i t e s ,  most o f  t h e  
o r g a n i c  sulfccr  i s  t h i o l i c  o r  s u l f i d i c .  

2 .  18-25% o f  t h e  o r g a n i c  s u l f u r  i s  i n  t h e  form o f  a l i p h a t i c  s u l f i d e s  i n  
a l l  c o a l s .  

3 .  P a r t  o f  t h e  o r g a n i c  t h i o l s  a r e  p r e s e n t  i n  t h e  form o f  i o n i c  t h i o l a t e s ,  
p i ~ s ~ i i n a l ~  I y of  cn 1 c i  mi. 

I .  Co;ils c o n t a i n i n g  inairily t h i o l i c  groiips c a n  be e a s i l y  d e s u l f u r i z e d .  

2 .0  I ' r inci j i lc  of t h e  Method of  Analys is  

I k t a i l c d  d e s c r i p t i o n  of t h c  p r i n c i p l e  o f  t h e  method of  a n a l y s i s  was pub- 
Therefore  o n l y  t h e  main p o i n t s  w l l l  be l i s l i c d  by Attar and  Dupuis ( 1 9 7 8 ) ( 4 ) .  

J c s c r i b c d  h c r c .  

1. 

2 .  

3 .  

A l l  t h e  o r g a n i c  s u l f u r  fu i ic t jona l  groups can b e  reduced t o  H,S i f  a 
s u f f i c i e n t l y  s t r o n g  rcducing  a g e n t  i s  uscd.  
Cach s u l f u r  group is  rcduced a t  a r a t e  which c a n  be c h a r a c t e r i z e d  by 
a unique a c t i v a t i o n  cncrgy and a frequency c o n s t a n t .  
I f  ii sample wl;ich c o n t a i n s  mary s u l f u r  groups is reduced and t h e  tem- 
p c r a t u r e  i s  g r a d u a l l y  i n c r e a s e d ,  each s u l f u r  group w i l l  r e l e a s e  11,s 
a t  a d i f f e r e n t  tcmpcra ture  g iven  by:  

whcrc llni is t h c  tcmpcra ture  o f  t h e  maximum E i  and Ai a r c  t h e  a c t i v a t i o n  
cncrgy  and  t h e  f rcqucncy  f a c t o r ,  and ci i s  t h e  l i n c a r  r a t e  o f  tempera ture  
i t i c r e a s c .  
group c a n  be d c s c r i b c d  by: 

l h e  r a t e  o f  e v o l u t i o n  o f  11,s from t h e  r c d u c t i o n  o f  t h c  i - t h  
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where [II,S]io i s  t h e  t o t a l  amount o f  H,S t h a t  r e d u c t i o n  o f  t h e  i - t h  
group would r e l e a s e .  The d e t a i l e d  d e r i v a t i o n  o f  t h e  p r e v i o u s  e q u a t i o n s  
was done by Juntgen  ( 1 9 6 4 ) ( 5 ) ,  and Juntgen  and Van Heck (1968)(6). 
The v a l u e  o f  7',i i s  a c h a r a c t e r i s t i c  un ique  t o  t h e  s u l f u r  f u n c t i o n a l i t y  
reduced and t h e  a r e a  of each peak i s  p r o p o r t i o n a l  t o  t h e  q u a l i t y  o f  s u l -  
f u r  p r e s e n t  i n  t h e  forin o f  t h e  group reduced .  

4 .  

The i m p l i c a t i o n  o f  t h e s e  d i s c u s s i o n s  i s  t h a t  t h e  a r e a  o f  t h e  peak whose maxi- 
nium i s  a t  Tmi i s  p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n , o f  s u l f u r  p r e s e n t  i n  t h e  sample 
i n  t h e  'forin of  t h e  i - t h  group. Therefore ,  q u a n t i t a t i v e  d e t e r m i n a t i o n s  o f  t h e  i - t h  
s u l f u r  group c a n  b e  a,ccomplished by d e t e r m i n i n g  t h e  area o f  each  peak. 

3 . 0  Experimental  

l h c  c ; i~~er i i i i cn ta l  system c o n s i s t s  o f  six p a r t s :  

1. a r e d u c t i o n  c e l l ,  
2 .  a gas feed and moni tor ing  sys tem,  
3 .  a hydrogen s u l f i d e  d e t e c t o r ,  
4 .  a r e c o r d e r ,  
5 .  an i n t e g r a t o r ,  and 
6 .  a tempera ture  programmer. 

F igure  1 i s  a schemat ic  d iagram o f  t h e  exper imenta l  system. The c o a l  sample i s  
p laced  i n  t h e  r e d u c t i o n  c e l l  w i t h  a mixture  o f  s o l v e n t s  c a t a l y s t  and a .reduci.nR 
a g e n t .  The gas  flow rate  i s  t h e n  a d j u s t e d  and t h e  t e m p e r a t u r e  i s  programmed up.  
'I'lic r a t e  O F  c v o l u t i o n  o f  H,S i s  recorclcd vs .  t h e  c e l l  t empera ture  and t h e  s i g n a l  
o f  c:icIi peak i s  i n t c g r n t e d  i is ing t h e  i n t e g r a t o r .  A more d e t a i l e d  d e s c r i p t i o n  of  
t h i s  systein was r c c c n t l y  publ i shcd  by A t t a r  and l)upuis (1978) ( 4 ) .  

'l'hc d a t a  d e s c r i b e d  i n  th i . s  paper were d e r i v e d  u s i n g  an improved v e r s i o n  o f  
t h e  same experi inental  sys tem.  The f o l l o w i n g  m o d i f i c a t i o n s  were made: 

1 .  

2 .  t h e  s e n s i t i v i t y  of  t h e  d e t e c t o r  was improved, and 
3 .  

s t r o n g e r  reducing  c o n d i t i o n s  were used i n  o r d e r  t o  o b t a i n  more comple te  
r e d u c t i o n s  of  t h e  o r g a n i c  s u l f u r ,  

t h e  c e l l  d e s i g n  was changed and now i t  i s  p o s s i b l e  t o  o b t a i n  d e t a i l e d  
a n a l y s i s  on a r o u t i n e  b a s i s .  

F igure  2 shows a t y p i c a l  kinetogram. 

4 .O R e s u l t s  and Discuss ion  - 

'l'iic d i s t r i b u t i o n s  o f  s u l f u r  f u n c t i o n a l  groups (USI:G) i n  f o u r  t y p e s  o f  solids 
a r c  d e s c r i b e d :  

I .  s u l f u r  c o n t a i n i n g  polymcrs w i t h  wel l  c h a r a c t e r i z e d  s u l f u r  f u n c t i o n a l  
groups ,  

2 .  raw c o a l s ,  
3 .  t .rc:itcd c o a l s ,  and 
4 .  i r o n  p y r i t e .  
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'The a n a l y s i s  of  t h e  USIX  c o n s i s t s  o f  two p a r t s :  

1. t h c  q u a l i t a t i v e  assignment o f  a peak o f  a kinetogram t o  a g iven  chemical 

2 .  t h e  d e t e r m i n a t i o n  o f  t h e  q u a n t i t y  o f  each  s u l f u r  group i n  t h e  (coa l )  
s t r u c t i i r c ,  and 

saniple .  

4 . 1  Q u a l i t a t i v e  l d e n t i f i c a t i o n  o f  t h e  S u l f u r  Groups 

'Tests o f  polymers i i . t h  a known s t r u c t u r e  were used t o  i d e n t i f y  t h e  tempera- 
t u r c  a t  which each  s u l f u r  group r e l e a s c s  i t s  s u l f u r .  Four polymers were t e s t e d :  

1 .  po lyphcnelenc  s u l f i d e  (7) as  a r e p r e s e n t a t i v e  o f  a r o m a t i c  s u l f i d e s ,  
2 .  p o l y t h i o p h e n c  as a r e p r e s e n t a t i v e  of  t h i o p h e n i c  s u l f u r ,  
3 .  a copolymer produccd from cyclohexene  and 1 , 2  e t h y l e n e  d i t h i o l  (z), as 

a r e p r e s e n t a t i v e  o f  a l i p h a t i c  and a l i c y c l i c  s u l f i d e s ,  and 
4 .  v o l c a n i z e d  n a t u r a l  rubber  as a r e p r e s e n t a t i v e  o f  a l i p h a t i c  s u l f i d e s  and 

d i s u l f i d e s .  

All  t h e  polymers c o n t a i n e d  somc t h i o l i c  s u l f u r .  

The use o f  s u l f u r  c o n t a i n i n g  polymers can be used t o  i d c n t i f y  t h e  tcmpera ture  
rcgi  on where each  s u l f u r  group i s  reduced o n l y  i f  two c o n d i t i o n s  a r e  f u l f i l l e d :  

I. 

2 .  the r ; i tc  o f  t h e  r e d u c t i o n  o f  each  s u l f u r  f u n c t i o n a l  group drpends only 

t h e  r a t e  o f  t h c  chcmi.ca1 r e a c t i o n  c o n t r o l s  t h e  r a t e  of  r e l e a s q  o f  I:,S 
whcn b o t h  co;iI samples and polynicr samples a r e  examined, 

on tlic Iiydroc:irl~on s t r u c t u r e  i n  i t s  immediate v j . c i n i t y .  

Tahlc 1 shows t h c  r e s u l t s  o f  tests o f  t h e  v a r i o u s  polymers and t h e  maximum tem?crLl- 
t u r c  f o r  each group. 

4.2 - Q u a n t i t a t i v e  A n a l y s i s  o f  t h e  C o n c e n t r a t i o n s  of  S u l f u r  Groups 

4 . 2 . 1  Ikcovery  o f  Organic S u l f u r  

Q u a n t i t n t  i v c  a n a l y s i s  can h e  accomplished provided  t h a t  a11  t h c  s u l f u r  p r e s e n t  
I t  i s  a l s o  assumcd t h a t  t h e  d i s t r i h u -  i n  t h e  form o f  cnch group i s  reduced t o  H2S. 

t i o n  does n o t  change d u r i n g  t h e  a n a l y s i s  and t h a t  a l l  t h e  11,s r e l e a s e d  i s  d e t e c t e d  
and d e t e r m i n e d .  

liach inole of s u l f u r ,  when reduced ,  produces one mole o f  H2S. Therefore ,  t h e  
t~~~iiiI>i:r o f  iiiolcs o f  11,s foriiicd d u r i n g  t h e  r e d u c t i o n  o f  cnch group i s  p r o p o r t i o n a l  
o r  equal t o  t h e  nunit)er of  i i ioIcs s u l f u r  p r e s e n t  i n  t h e  sample i n  t h a t  form. 

'Ihc r c c o v c r y  o f  S U I  f u r  from model compounds c o n t a i n i n g  a l i p h a t i c  t h i o l s ,  
th iophenes  and a r y l  s u l f i d c s  was 34-39%. 

'Table 2 shows t h e  r c s u l t s  o f  t h e ,  quant i t ; i t i .on o f  t h c  kinetogram o f  t h r e e  
s:implcs o f  I l l i n o i s  116 coal w i t h  d i f f e r e n t  p a r t i c l e  s i z e s .  The two most important 
c o n c l u s i o n s  from t h e s e  t es t s  a r e  t h a t  t h e  recovery o f  t h i o p h c n e s  and aromat ic  SUI- 
fidcs dcpeiids on t h e  c o a l  p a r t i c l e  s i z e  used and t h a t  to a f i r s t  o r d e r  approxima- 
t i o i i ,  t h e  recovery  o f  o t h c r  groups i s  indcpcndcnt  o f  t h e  coa l  p a r t i c l e  s i z c .  I t  
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is concc ivab lc  t h a t  d u r i n g  t h e  a n a l y s i s ,  i n  t h e  i n t e r i o r  o f  l a r g e  coa l  p a r t i c l e s ,  
t h e  s u l f u r  groups can condense and form ( g r a p h i t i z e d )  compounds which a r e  l e s s  
aincnablr t o  r educ t ion .  
coa l  p a r t i c l c s  and i n h i b i t  t h e  r a t e  o f  condensa t ion .  While a l i p h a t i c  t h i o l s  and 
s u l f i d c s  a r e  rcduced a t  low t cmpera tu re ,  b e f o r e  condensa t ion  commences, t h e  r educ -  
t i o n  o f  t h iophenes  occur  s imul t eneous ly  wi th  t h e  condensa t ion  and t h e r e f o r e  i n  a 
l a r g c  p a r t i c l e  t h iophen ic  group could form condensed th iophenes  which a r e  l e s s  
amcnable t o  r c d u c t i o n .  

The  s t r o n g  r educ ing  a g c n t  used can p c n c t r a t e  i n t o  s m a l l e r  

\ 
f 

4 . 2 . 2  Recovery o f  P y r i t i c  S u l f u r  

Tab le  3 shows t h a t  a ve ry  sinal1 f r a c t i o n  o f  t h e  p y r i t i c  s u l f u r  i s  r e c o v e r -  
a b l e  when pure , c r y s t a l l i n e  i r o n  p y r i t e  i s  t e s t e d .  I n  a l l  t h e  c a s e s  t e s t e d ,  t h e  
r ecove ry  never  exceeded 1-2%.  Somewhat l a r g e r  r ecove ry  i s  o b t a i n e d  when slow 
h e a t i n g  rates o r  r educ ing  a g e n t s  with s m a l l e r  r educ ing  p o t e n t i a l  a r e  used .  
s t r o n g  r educ ing  a g e n t s  a r c  uscd,  a l a y e r  o f  m e t a l l i c  i r o n  i s  b e l i e v e d  t o  b e  r’oroed 
on t h e  s u r f a c e  o f  t h e  i r o n  s u l f i d e  which p r e v e n t s  d i f f u s i o n  o f  t h e  r e d u c i n g  s p e c i e s .  

When 

Small i r o n  p y r i t c  p a r t i c l c s ,  o f  t h e  o r d e r  o f  1-10 microns are  o f t e n  reduced 
more e f f e c t i v c l y  than  l a r g e r  p a r t i c l e s  because t h e y  a r e  l e s s  c r y s t a l l i n e  and 
o f t e n  c o n t a i n  more i m p u r i t i e s  than l a r g e r  p a r t i c l e s .  

\ 4 . 3  Kcsolut ion 

The e v o l u t i o n  o f  t12S from a l i p h a t i c  s u l f i d c s  and from i r o n  p y r i t s  ‘ c o i n c i d e s  
t o  t l i c  cstcrit t h a t  i t  is aliilvst imposs ib l e  t o  r e s o l v e  the two peaks.  However, 
s i i i ( -c  i r o n  p y r i t e  can I)c dctcrmincd indcpendcn t ly  us ing  ASTM D3131, i t  was pos- 
s i b l c  t o  es t i ina tc  t h c  r e l a t i v c  c o n t r i b u t i o n  o f  p y r i t i c  s u l f u r  and s u l f i d i c  s u l f u r  
t o  t h e  unresolved peaks .  Somcwhat b c t t c r  r e s o l u t i o n  was o h t a i n a b l c  a t  slow r a t e s  
o f  h c a t i n g ,  however i n  t h e s e  c a s e s  t h e  o v e r a l l  r ccove ry  and t h c  s i g n a l  t o  n o i s e  
r a t i o  were rcduced.  

4 . 4  The S u l f u r  D i s t r i b u t i o n  i n  Raw Coals  

‘Table 4 shows t h e  d i s t r i b u t i o n  o f  t h e  v a r i o u s  c l a s s e s  o f  s u l f u r  i n  f i v e  c o a l s  
and  t a b l e  5 shows t h e  d i s t r i b u t i o n  o f  t h e  o r g a n i c  s u l f u r  groups i n  t h e  .same f i v e  
c o a l s .  Thc r e s u l t s  shows t h a t  t h e  c o n t e n t  o f  t h i o l s  is s u b s t a n t i a l l y  l a r g e r  i n  
l i g n i t c s  and l l V H  c o a l s  than i n  LVU c o a l s .  The f r a c t i o n  o f  a l i p h a t i c  s u l f i d e s  i s  
apliroximntcly t h c  samc in c o a l s  w i t h  d i f f c r e n t  r anks  and vary around 20% o f  t h e  
o rgan ic  s u l f u r .  I f  i t  i s  accci i ted t h a t  a11 t h e  unrecovered o rgan ic  s u l f u r  i s  duc  
t o  thiophcncs (and a romat i c  s u l f i d e s ) ,  t hen  t h c  d a t a  i n d i c a t e  c l e a r l y  t h a t  l a r g e r  
f rc ic t ions  of t h c  o r g a n i c  s u l f u r  i s  p r c s e n t  as t h i o p h c n i c  s u l f u r  i n  h i g h c r  rankzd 
c o a l s  t h a n  i n  lowcr ranked c o a l s .  The accep tcd  thco ry  on t h e  hydrocarbon structure 
of  coal i s  t h a t  h ighe r  ranked c o a l s  a r c  more condensed than  lower rankcd c o a l s .  I t  
should n o t ,  t h c r e f o r c ,  Iic s u r p r i s i n g  t h a t  t h e  s u l f u r  groups a r e  a l s o  more condcnsed, 
iiiorc th iopl icn ic ,  i n  I i igher  ranked c o a l s  than i n  lowcr ranked c o a l s .  

‘rhc d a t a  on t h c  r c l : i t i v c  ainollnts o f  -SII, R-S-I? and t h i o p h e n i c  s u l f u r  can be 
cxp la incd  a s  fo l lows :  
tr:tppcd by t h e  o r g a n i c  matr ix  i n  t h e  form o f  t h i o l i c  s u l f u r .  
r c a c t  ions“ a rc :  

suppose t h a t  Imst o f  t h c  o rgan ic  s u l f u r  i s  i n i t i a l l y  
Typical  “ t r a p p i n g  

169 



1 

)I ROH + 11,s -t l1SH + H,O 

and 

i 
RIIC = CtlII' + 11,s -+ IW,C - CH(SH)R' 

Ihtriirg t h c  c o a l i f i c a t i o n ,  t h i o l s  can condense t o  form s u l f i d e s  and e v e n t u a l l y  
aroitiatic s u l f i d e s  and t h i o p h e n e s :  

I KSH + 11'11 + RS-11' + H ,  
I 

The scquenze  o f  t h e  condensa t ion  r e a c t i o n s  i s  t h e r e f o r e :  

11,s + RH -+ RSH -+ I1SR+ 

In o t h e r  words,  t h e  s u l f i d e s  a r e  an i n t e r m e d i a t e  form w h i c h , t h c  s u l f u r  may have 
before  it i s  c.onverted t o  t h e  t h i o p h e n i c  form. Thus,  it should no t  be s u r p r i s i n ? ,  
t h a t  t l ic  f r a c t i o n s  o f  s u l f i d i c  s u l f u r  i s  approximate ly  c o n s t a n t  s i n c e  d u r i n g  t h e  
c o a l i f i c a t i o n ,  s u l f i d i c  groups a r e  formed from t h i o l i c  groups and a r e  consumed 
t o  produce t l r iophencs .  These p r o c e s s e s  a r e  condensa t ion  p r o c e s s e s  which a r e  
b e l i c v c d  t o  o c c u r  i n  t h e  s t r u c t u r e  o f  c o a l  d u r i n g  c o a l i f i c a t i o n .  I 

4 . 5  % S u l f u r  I ? i s t r i b u t i o t t  i n  Trea ted  Coals  

Var ious  tre:itmcnt.s arc known t o  be s c l c c t i v c  t o  s p e c i f i c  s u l f u r  groups .  I t  
was t h c r c f o r e  i n t e r e s t i n g  t o  cxainine t h e  kinetograitr o f  t r e a t e d  c o a l s .  Three 
t rea t rncnts  are d e s c r i b e d :  

1 .  
2 .  removal of  the a l k a l i n e  m i n e r a l s  w i t h  IICI, and 
3 .  m e t h y l a t i o n  o f  t h e  c o a l  with methyl i o d i d e .  

o x i d a t i o n  wi th  11,O o r  HNO,, 

4 . 5 . 1  O x i d a t  ioit 

N i l d  o x i d a t i o n  o f  c o a l  with a c i d i c  s o l u t i o n s  o f  hydrogen peroxide  o r  n i t r i c  
a c i d  d i s s o l v c s  t h c  iroi: p y r i t e  and c o n v c r t s  t h e  t h i o l s  t o  s u l f o n i c  a c i d s .  Some 
o r g a n i c  f u n c t i o n a l  groups o x i d i z e  t o  t h e  cor responding  s u l f i d e s  and s u l f o n c s  (E). 
Ilowcvcr, i n  g e n e r a l ,  t h e  l a t t e r  p r o c e s s  r e q u i r c s  s t r o n g  o x i d i z i n g  c o n d i t i o n s .  
From t h c  a n a l y t i c a l  p o i n t  o f  view one might t h i n k  t h a t  it is not  impor tan t  whr thcr  
the o r g a n i c  s u l f u r  groups are o x i d i z e d  or  n o t ,  s i n c e  t h e  r e d u c i n g  agent  uscd con- 
v e r t s  thcm hack v c r y  r a p i d l y  t o  t h e  non-oxidized form. T h e r e f o r e ,  t h e  r e s u l t s  o f  
t h e  a i i a l y s i s  w i l l  no t  d i f f e r e n t i a t e  between t h e  reduced and t h e  o x i d i z e d  f o r n  of  
:I s u l f u r  groul,. In  o t h e r  words, o x i d a t i o n  could  have bcen used t o  remove t h e  i n t c r -  
fercr tcc  from p y r i t e  wi thout  much e f f e c t  on t h e  d e t e r m i n a t i o n  of  t h e  o t h e r  s u l f u r  
groups .  However, o x i d a t i o n  appcars  t o  i n c r e a s e  t h e  r e s i s t a n c e  t o  mass t r a n s p o r t  
and t h u s  t o  reduce  t h e  r e s o l u t i o n .  F i g u r e  3 shows t h e  k ine tograms o f  two coa l  
saniples ana lyzed  f o r  t h e  U.S. Ikpar tmcnt  o f  Energy. The f irst  i s  t h e  o r i g i n a l  
c o a l ,  t h c  second i s  an o x i d i z e d  sample.  The r e s u l t s  show t h a t  t h e  o x i d a t i o n  d i d  
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not  rcinovc any o rgan ic  s u l f u r  a l though  t h c  p y r i t i c  s u l f u r  was removcd. Thc s i g -  
n a l s  a re  howcvcr much l c s s  r c so lvcd  i n  t h e  o x i d i z e d  samplc than  i n  t h e  raw c o a l .  
Si.ncc t h e  o x i d a t i o n  was conducted i n  an a c i d i c  ino rgan ic  s o l u t i o n ,  and hccausc it 
is known t h a t  s u l f o n i c  a c i d s  can he hydrolyzed t o  hydrocarbons and s u l f u r i c  a c i d ,  
somc o f  t h e  t h i o l s  seem t o  d i s a p p e a r  a s  a r e s u l t  of t h e  o x i d a t i o n .  

4 .5 .2  llCl l 'rcatnicnt 

I)i,l .ute HC1 d i s s o l v c s  t h e  o r g a n i c  and ca rbona te  s a l t s  o f  ca l c ium,  magnesium 
and i.ron. S incc  somr, 1-1,s can r e a c t  w i t h  h a s i c  calcium and i r o n  salts ,  it was 
d e s j r c d  t o  examine t h e  e f f e c t  o f  H C 1  t r ea tmen t  on t h e  .kinetogram. 'Figure 4 
shows the kinctogranis of raw c o a l  and l l C l  e x t r a c t e d  c o a l .  The most impor t an t  
d i  f f c r c n c c  hetwccn t h e  kinetograms i s  t h a t  t h e  second peak due t o  th iopheno l s  
d i sappca red  and t h e  t h i o l s  peak i s  i n c r c a s e d .  1.t i s  p l a u s i b l e  t h a t  some o f  t i i L  
s u l f u r  w h i c h  is deterinincd as t h i o p h c n o l i c  i s  indeed t h i o l i c .  T h i o l s  can r c a c t  
w i th  cnlciuiii t o  form ca lc ium t h i o l a t c s ,  r e d u c t i o n  o f  which inay r e q u i r c  l a r g e r  
a c t i v a t i o n  ciicrgy than  t h i o l s .  
gcn and c o n v e r t s  t h e  t h i o l a t e s  i n t o  t h i o l s :  

tIC1 t r ca tmcn t  r c p l a c e s  t h c  ca l c ium w i t h  hydro- 

4 . 5 . 3  Trcatmcnt  w i th  Plcthyl Iod ide  

Ssmplcs o f  I l l i n o i s  If6 were t r c a t e d  w i t h  methyl i o d i d e ,  CH,I, and t h e  
p roduc t s  were nnalyzcd u s i n g  two methods: 
I ; ~ i ~ i ~ ~ o v i c h  ( 9 )  f o r  t h i o l s  and a l i p h a t i c  s u l f i d e s ,  and u s i n g  ou r  thc rmok ine t i c  
iiicxtIw,l. 'l'lic rcsults of t h e  a n i ~ l y s i s  are d e s c r i b e d  i n  t a b l e  6 .  l'hc ~ e s u l t s  show 
t h a t  on ty  a ve ry  sinal1 f r a c t i o n  of t h e  o r g a n i c  s u l f u r  is indeed accoLnted f o r  by 
thc (:1131 method and t h c r c f o r e  t h e  va luc  o f  this method as an a n a l y t i c a l  t o o l  i s  
qiicst ionable .  

The method of Pos tovsk i  and Har- 

'l'he kinetograins o f  an u n t r e a t c d  but  demine ra l i zed  sample and t h a t  o f  a 
clemincr;ilizrd samplc t r e a t e d  wi th  CH31 a re  shown i n  f i g u r e  5 .  The d a t a  show 
t h a t  t h e  methyl i o d i d e  t r ca tmen t  r e s u l t s  i n  lower r ecove ry  o f  o r g a n i c  s u l f u r  
and in a changc i n  i t s  d i s t r i b u t i o n .  In  p a r t i c u l a r ,  some o f  t h e  s u l f u r  which 
i s  o r i g i n a l l y  d c t c c t e d  as a romat i c  t h i o l  i s  a p p a r e n t l y  a l k y l a t e d  and becomes 
aronrutic s u l f i d e .  Howcvcr, t h c  a l k y l a t i o n  must a l so  r educe  t h e  r a t e  of  mass 
t r ; inspor t  s i n c c  t h c  th iophenes  and a romat i c  s u l f i d e s  are no t  v i s i b l e  i n  t h e  
kinctogrnm o f  t h e  t r e a t e d  c o a l .  

5 .0  In ip l ica t ions  t o  Coal 1 ) c s u l f u r i z a t i o n  

It is  widcly r ccogn izcd  today t h a t  c o a l  d c s u l f u r i  z s t i o n  c f f i c i c n c y  depcnds 
on tlic d i s t r i b u t i o n  o f  s u l f u r  in  t l ic o r i g i n a l  coa l  t o  p y r i t i c  and o rgan ic  s u l f u r .  
Pyr i t ic .  s u l f u r  c a n  be removed r e l a t i v e l y  e a s i l y  wh i l e  it is  more d i f f i c u l t  t o  re- 
move o r g a n i c  S U I  f u r .  

I ' rc l i ininary d a t a  show t h a t  p a r t  o f  t h e  o r g a n i c  s u l f u r  can  hc c a s i l y  
des i r l fur ized .  I I I  p a r t i c u l a r ,  i t  secms t h a t  t h e  t h i o l i c  s u l f u r  and p a r t  o f  t h e  
s u l  f i d i c  s u l f u r  can be c: is i ly  rcmoved. The re fo re ,  t h e  a u t h o r s  sugges t  c o a l s  
may Ijc c l a s s i f i e d  i n t o  two groups: c o a l s  which can he e a s i l y  d e s u l f u r i z c d ,  (most 
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A o f  t h e i r  o r g a n i c  s u l f u r  i s  t h i o l i c )  and c o a l s  which can  not  be e a s i l y  d e s u l f u r i z e d  
(most s u l f u r  is n o r i - t h i o l i c )  . 'l'hus, thcrn iokine t ic  t e s t s  can be uscd t o  s c r e e n  
coals and t o  i n f e r  which a r c  b e s t  used a s  f e e d s  f o r  precombustion d e s u l f u r i z a t i o n .  
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